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  Abstract—In this paper, a wideband Butler matrix based on the 
3-dB cross-slotted patch hybrid couplers and interdigital 
coupled-line section is presented. After loading a tight-coupled-
line section at each port of the coupler, the operating bandwidth 
is enhanced with one more transmission pole. The Butler matrix 
is first designed and implemented at 2.65 GHz, with about 36% -
10dB return loss bandwidth. Amplitude imbalance of ±1dB 
achieves about 38% bandwidth, while the 45º±2º phase difference 
bandwidth is around 29.6%. In addition, its Ku-band version 
operating at 12.5 GHz is also designed and well investigated. 
I. INTRODUCTION 
In order to increase the communication performance, multi-
input and multi-output (MIMO) is widely used in the wireless 
communications. The beam-forming network is a key sub-
system in the design of MIMO system, which has been 
designed in different topologies, such as Blass matrix, Nolen 
matrix, and Butler matrix. Among them, Butler matrix is the 
most popular one due to its simple design, orthogonal beams, 
and easy fabrication. However, a limited bandwidth and the 
large size are the main issues for the Butler matrix. Many 
configurations have been suggested to broaden the bandwidth 
and reduce the size [1-4]. In order to remove the undesired 
affect caused by the crossovers, the multilayer technology was 
proposed [1, 2]. And a miniaturized version was also designed 
based on the cross-slotted patch hybrid coupler [5], [6].  
In this work, we present an improved Butler matrix with 
wide operating band, as shown in Fig. 1. It consists of four 3-
dB cross-slotted patch hybrids with interdigital coupled lines 
loaded at each port, and two 45º phase shifters and two short-
ended stubs. Here, by installing an interdigital coupled line 
with tight coupling strength, an additional transmission pole 
can be introduced, which effectively widens the operating 
bandwidth. To verify our proposal, two Butler matrices with 
the center working frequencies of 2.65 GHz and 12.5 GHz are 
designed and discussed.  
II. DESIGN OF WIDEBAND BUTLER MATRIX AT 2.65 GHZ 
The patch hybrid coupler is first designed with two cross 
slots along the diagonal lines of a square patch. The two slots 
have the same lengths, and a stepped-impedance shape is 
formed at one slot ends in order to achieve equal amplitude and 
90º phase change for the hybrid. The center frequency is then 
set to be around 2.65 GHz with the substrate RO4350B 
(thickness of 0.508 mm and dielectric constant of 3.66). Then, 
the interdigital coupled-line is further attached to widen the 
operating bandwidth. All the simulations and optimizations are 
carried out by commercial EM software [7].      
Fig. 1(b) shows the photograph of the fabricated circuit.  as 
shown in Fig. 2, the simulated and the measured S-parameters 
show a reasonable agreement with two transmission poles at 
passband. It can be found that more than 36% bandwidth is 
measured with the return loss better than -10dB for the matrix 
at both port-1 and port-2. And the bandwidth is about 38% for 
an amplitude imbalance of ±1dB.    
III. BUTLER MATRIX DESIGN UNDER THE CENTER 
FREQUENCY OF 12.5 GHZ 
A Ku-band Butler matrix with the center frequency at 12.5 
GHz is then designed using the same substrate by only scaling 
the layout configuration. Fig. 3 shows the S-magnitudes for 
port-1 and the phase difference of the Butler matrix. The phase 
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Fig. 1. Proposed wideband Butler matrix with (a) Schematic and (b) 
Photograph of fabricated circuit. 
470978-1-4799-3540-6/14/$31.00 ©2014 IEEE AP-S 2014
difference for the design at 2.65 GHz is also provided for 
comparison. From the simulation result, it can be noticed that 
the 6-dB condition and the phase difference exhibit larger 
oscillations. This is because at higher operating frequency, due 
to the limitation of compact patch configuration and the 
substrate material, the inductive loading of crossed slots 
becomes insufficient due to the limited space. So, the 3-dB 
impedance condition might not be satisfied well by using the 
patch-based hybrid. Hence, for the higher frequency design, the 
selections of the material and the thickness of the substrate are 
very important, especially for the millimeter frequency 
application.  
IV. CONCLUSION 
In this paper, a miniaturized wideband Butler matrix has 
been designed, fabricated and measured. The proposed design 
at lower frequency of 2.65 GHz has achieved a good 
performance. Due to the limitation of compact configuration 
and substrate, the performance of the same design is decayed 
at higher frequency at 12.5 GHz, which would be further 
improved by selecting other better substrates with suitable 
thickness.  
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Fig. 2. Simulated and measured S-magnitudes at (a) port 1 and (b) port 2. (S_: 
simulated and M_ : measured) 
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Fig. 3. Simulated S-Magnitudes with the operating frequency of 12.5GHz and 
phase differences with the operation frequencies of (b) 12.5 GHz and (c) 2.65 
GHz. 
471
